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INPUT BUFFER CIRCUIT FOR RF PHASE 
LOCKED LOOPS 

FIELD OF THE INVENTION 

The present invention relates to a communication system, 
and more particularly to an input buffer circuit for radio 
frequency (RF) phase-locked loops(PLLs). 

BACKGROUND OF THE INVENTION 

Communication systems for connecting persons to alloW 
them to transmit and receive information back and forth are 
becoming increasingly poWerful. In fact, certain types of 
systems, such as modems for performing data communica 
tion and telephones for performing voice communication, 
have become indispensable to many users. Generally, com 
munication systems are classi?ed as either Wired commu 
nication systems Which use data transmission lines or Wire 
less communication systems Which transmit data using 
electromagnetic transmissions such as radio frequency (RF) 
transmissions. 

In portable systems that include Wireless communication 
capability, such as pagers, cellular telephones, personal 
communication service (PCS) phones, personal digital assis 
tants (PDA), and portable computers including laptops and 
notebook computers, there are several important consider 
ations. These include battery life and, therefore, poWer 
consumption, as Well as the Weight and volume of the 
system. These factors are all affected by the siZe and type of 
integrated circuits that make up the systems in general and 
their resident communication systems in particular. The siZe 
and type of traditionally external components is also an 
important factor. With the developments made in integrated 
circuit technology, more and more components Which Were 
traditionally considered external components are being 
embedded in integrated circuits. 

FIG. 1 is a block diagram illustrating a conventional 
communication receiver 100. Referring to FIG. 1, the com 
munication receiver 100 comprises an antenna 1, a speaker 
2, a radio frequency (RF) ampli?er 10, a mixer 20, an 
intermediate frequency (IF) ampli?er 30, a base band analog 
processor (BBA) 40, and an RF phase-locked loop (PLL) 95. 
The PLL 95 includes a voltage-controlled oscillator VCO 
50, a frequency divider 75, a phase detector 80 and a ?lter 
90. 

The RF ampli?er 10 ampli?es an RF signal having radio 
band frequency received from the antenna 1. The mixer 20 
mixes the RF signal from the RF ampli?er 10 With an 
oscillating signal generated by the VCO 50 to generate an 
intermediate frequency (IF) signal having intermediate band 
frequency. The IF ampli?er 30 ampli?es the IF signal from 
the mixer 20. The BBA processor 40 receives the IF signal 
from the IF ampli?er 30 and converts the IF signal to a base 
band analog (BBA) signal having base band frequency. The 
BBA signal is provided as an output to the speaker 2. 

Generally, phase-locked loops (PLL) can be classi?ed 
according to their frequency characteristics as radio fre 
quency (RF) phase-locked loops, such as PLL 95 in FIG. 1, 
and loW frequency (LF) PLLs. For example, referring to 
FIG. 2, Which is a detailed block diagram illustrating the RF 
PLL 95 shoWn in FIG. 1., recent mobile telecommunication 
systems such as the cellular phone and the PCS phone use 
an RF PLL 95 having a prescaler 60 as a principal part of 
their systems. The LF PLL does not require a prescaler, since 
the LF PLL is operated at loW frequency. 

Referring to FIG. 2, the RF PLL 95 comprises the VCO 
50, the phase detector 80, the ?lter 90 and the frequency 
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2 
divider 75, Which includes the prescaler 60 and a divider 70. 
In the RF PLL 95 shoWn in FIG. 2, the VCO 50 generates 
an oscillating signal having the radio band frequency. The 
frequency divider 75 divides the frequency of the oscillating 
signal from the VCO 50 by a predetermined divisor, for 
example, N, and outputs a divided oscillating signal Ffeed to 
the phase detector 80. The prescaler 60 is used for pre 
dividing the frequency of the oscillating signal from the 
VCO 50, and the divider 70 is used for dividing the 
pre-divided oscillating signal from the prescaler 60. 

The prescaler 60 divides the oscillating signal, typically 
having a frequency in the GigahertZ (GHZ) range, and 
outputs a pre-divided oscillating signal, typically having a 
frequency in the tens of MegahertZ (MHZ), to the divider 70. 
The divider 70 divides the pre-divided oscillating signal and 
outputs a further divided oscillating signal to the phase 
detector 80. The prescaler 60 typically includes emitter 
coupled logic (ECL) circuitry Which is applicable for high 
speed operation. 
The phase detector 80 compares a reference input signal 

Fref having a reference frequency With the divided oscillat 
ing signal Ffeed from the frequency divider 75, to generate 
a control signal Which is applied to the VCO 50 through the 
?lter 90, so as to control the VCO 50. 

The prescaler 60 composed of the ECL circuitry, com 
prises an input buffer circuit for amplifying the loW-level 
oscillating signal to the ECL level. The input buffer circuit 
is capable of operating in the GhZ frequency range and is 
used to provide a Wide input sensitivity to the prescaler 60. 
One example of the input buffer circuit for the ECL prescaler 
is set forth in a paper entitled, “A 3-mW 1.0-GhZ Silicon 
ECL Dual-Modulus Prescaler IC”, by Moriaki MiZuno, 
HirokaZu SuZuki, Masami OgaWa, Kouji Sato, and Hiro 
mich IchikaWa, published in the December, 1992 issue of 
IEEE JOURNAL OF SOLID STATE CIRCUITS, vol. 27, 
No. 12, pages 1794—1797. 

FIG. 3 is a circuit diagram Which illustrates an input 
buffer circuit 65 included in the prescaler 60 shoWn in FIG. 
2, and Which is disclosed in the above paper. Referring to 
FIG. 3, the input buffer 65 comprises a ?rst ampli?er 61, a 
second ampli?er 62, and a output driving circuit 63. The ?rst 
ampli?er 61 receives an oscillating signal IN and an inverted 
oscillating signal INB from the VCO 50. The input signals 
IN and INB have 50 mV—0.5V of peak voltage, and a high 
frequency response of more than 1 GHZ. Transistors Q1, Q2, 
Q3 and Q4 are included in the ?rst and the second ampli?ers 
61 and 62. They operate as sWitches When the voltage of the 
input signal IN is higher than 100 mV, for example, and 
operate as ampli?ers When the voltage of the input signal IN 
is 50 mV or less, for example. The bandWidths of output 
signals OUT and OUTB of the input buffer circuit 65 are 
restricted by parasitic capacitances existing on nodes N1, 
N2, N3 and N4, and load resistors RL1, RL2, RL3 and RL4. 
The output signals OUT and OUTB are digitiZed by the 
sWitching operation of the transistors Q1, Q2, Q3 and Q4, 
and then they are outputted to the phase detector 80 through 
the output driving circuit 63. 

FIG. 4 is a diagram illustrating simulated output charac 
teristics of the input buffer 65 shoWn in FIG. 3. The plot of 
FIG. 4 illustrates a characteristic of the input buffer gener 
ated by a computer simulation, such as SPICE, With circuit 
parameters set as folloWs: VDD=3V, VBB1=1.5V, RL3= 
RL4=1.75 kQ, IEE1=IEE2=200 pA, and IEE3=IEE4=50 
MA. The simulated frequency response With this current has 
adequate gain (for example, 14 dB) up to 1.0 GhZ as shoWn 
in FIG. 4. The output characteristics of the input buffer 65 
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Will be described in detail below, including comparing them 
With the output characteristics of an input buffer according 
to an embodiment of the present invention. 

To obtain the output characteristics illustrated in FIG. 4, 
sWitching voltages across load resistors RL1, RL2, RI3 and 
RL4 must be kept above 300 mV in the input buffer circuit 
65, so as to satisfy the ECL output characteristics. That is, 
the ?rst and the second sWitching voltages obtained by 
multiplying a ?rst sWitching current IEE1 and the respective 
load registers RL1 and RL2 must be kept above 300 mV in 
the ?rst ampli?er 61. Similarly, the third and the fourth 
sWitching voltages obtained by multiplying a second sWitch 
ing current IEE2 and the respective load registers RL3 and 
RL4 must be kept above 300 mV in the second ampli?er 62. 

Several problems occur in the conventional input buffer 
circuit 65 in connection With achieving both loW poWer 
consumption and a Wide bandWidth, While satisfying the 
above described restriction related to the sWitching voltages. 
For example, When the resistance of the load resistors RL1, 
RL2, RI3 and RL4 is reduced, the output bandWidth of the 
input buffer circuit 65 is enlarged. HoWever, at the same 
time, the poWer consumption of the input buffer circuit 65 
increases, because the sWitching currents IEE1 and IEE2 are 
increased so as to keep the sWitching voltages above 300 
mV. Also, When the sWitching currents IEE1 and IEE2 are 
reduced, the poWer consumption of the input buffer circuit 
65 is reduced. But, the output bandWidth of the input buffer 
circuit 65 becomes narroWer because the resistance of the 
load resistors RL1, RL2, RL3 and RL4 are increased to keep 
the sWitching voltages above 300mV. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an input 
buffer circuit of a prescaler included in an RF PLL, having 
a Wide bandWidth and loW poWer consumption characteris 
tics. 

It is another object of the present invention to provide an 
input buffer circuit capable of controlling its output band 
Width. 

In order to attain the above objects, according to an aspect 
of the present invention, there is provided an input buffer 
circuit Which includes a ?rst sWitching means having cas 
code transistors. The ?rst sWitching means receives a ?rst 
sWitching current from a poWer supply voltage source, 
sWitches the ?rst sWitching current in response to the 
externally applied oscillating signal, and generates a ?rst 
and a second sWitching signal by converting the ?rst sWitch 
ing current into a ?rst and a second sWitching voltage. A 
second sWitching means receives a second sWitching current 
from the poWer supply voltage source and sWitches the 
second sWitching current in response to the ?rst and the 
second sWitching signals. A loading means generates a third 
and a fourth sWitching signal by converting both the ?rst and 
the second sWitching currents into a third and a fourth 
sWitching voltage. An output driving means outputs a ?rst 
and a second output signal in response to the third and the 
fourth sWitching signals, respectively. 

According to another aspect of this invention, there is 
provided a cascode circuit having a ?rst and a second 
resistor used as an equivalent inductance. The output band 
Width of the input buffer circuit can be controlled by the 
resistors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advantages 
of the invention Will be apparent from the folloWing more 
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4 
particular description of preferred embodiments of the 
invention, as illustrated in the accompanying draWings in 
Which like reference characters refer to the same parts 
throughout the different vieWs. The draWings are not nec 
essarily to scale, emphasis instead being placed upon illus 
trating the principles of the invention. 

FIG. 1 is a schematic block diagram Which illustrates a 
conventional communication receiver. 

FIG. 2 is a detailed schematic block diagram Which 
illustrates the RF PLL shoWn in FIG. 1. 

FIG. 3 is a schematic circuit diagram Which illustrates an 
input buffer circuit included in the prescaler shoWn in FIG. 
2. 

FIG. 4 is a schematic plot Which illustrates output char 
acteristics of the input buffer shoWn in FIG. 3. 

FIG. 5 is a schematic circuit diagram Which illustrates one 
embodiment of an input buffer circuit according to the 
present invention. 

FIG. 6 is a schematic plot Which illustrates output char 
acteristics of the input buffer shoWn in FIG. 5. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

FIG. 5 is a schematic circuit diagram Which illustrates one 
embodiment of an input buffer circuit 650 according to the 
present invention. Referring to FIG. 5, the input buffer 
circuit 650 comprises a loading circuit 610, a ?rst ampli?er 
620, a second ampli?er 630, and an output driving circuit 
640. 
The ?rst ampli?er 620 is used for receiving a ?rst sWitch 

ing current IEE1‘ from a poWer supply voltage source VDD, 
sWitching the ?rst sWitching current IEE1‘ in response to the 
externally inputted oscillating signals IN and INB, and 
generating a ?rst and a second sWitching voltage VN1 and 
VN2 by converting the ?rst sWitching current IEE1‘ into the 
voltages. 

For performing these operations, the ?rst ampli?er 620 
includes a cascode circuit 621, a loading section 622, and a 
sWitching circuit 623. The circuit 621 is in cascode With the 
loading section 622. The circuit 621 supplies the ?rst 
sWitching current IEE1‘ for the sWitching circuit 623 through 
the loading section 622, Without loss. The loading section 
622 generates a ?rst and a second sWitching voltage VN1 
and VN2 at circuit nodes N1 and N2, respectively, by 
converting the ?rst sWitching current IEE1‘ into the voltages, 
respectively, in response to the sWitching operation of the 
sWitching circuit 623. The sWitching circuit 623 sWitches the 
?rst sWitching current IEE1‘, selectively, in response to 
externally applied oscillating signals IN and INB. 
The circuit 621 in cascode With the loading section 622, 

includes a pair of cascode transistors Q11 and Q12 and 
resistors RBB3 and RBB4. The ?rst cascode transistor Q11 
has a base coupled to the resistor RBB3, a collector couple 
to a node N4, and an emitter. The second cascode transistor 
Q12 has a base coupled to the resistor RBB4, a collector 
coupled to a node N3, and an emitter. The resistors RBB3 
and RBB4 are commonly coupled to a bias voltage source 
VBB2. 
The loading section 622 includes tWo load resistors RE1 

and RE2. The ?rst load resistor RE1 is coupled betWeen the 
emitter of the ?rst cascode transistor Q11 and node N1. The 
second load resistor RE2 is coupled betWeen the emitter of 
the second cascode transistor Q12 and node N2. 
The sWitching circuit 623 includes tWo sWitching transis 

tors Q1 and Q2, tWo resistors RBB1 and RBB2, and a 
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constant current source IEE1‘. The ?rst switching transistor 
Q1 has a base coupled to the resistor RBB1 and a ?rst input 
terminal for receiving an inversed oscillating signal INB 
from a voltage-controlled oscillator (VCO), a collector 
coupled to the node N1, and an emitter. The second sWitch 
ing transistor Q2 has a base coupled to the resistor RBB2 
and a second input terminal for receiving an oscillating 
signal IN from the VCO, a collector coupled to the node N2, 
and an emitter. The emitters of the transistors Q1 and Q2 are 
commonly coupled to the ?rst current source IEE1‘, and the 
resistors RBB1 and RBB2 are commonly coupled to a bias 
voltage source VBB1. 

The second ampli?er 630 receives a second sWitching 
current IEE2‘ from the poWer supply voltage source VDD 
and sWitches the second sWitching current IEE2‘ in response 
to the ?rst and the second sWitching voltages VN1 and VN2 
at nodes N1 and N2, respectively. The second ampli?er 630 
includes tWo sWitching transistors Q3 and Q4 and a second 
constant current source IEE2‘. The third sWitching transistor 
Q3 has a base coupled to the node N1, a collector coupled 
to the node N3, and an emitter. The fourth sWitching 
transistor Q4 has a base coupled to the node N2, a collector 
coupled to the node N4, and an emitter. The emitters of the 
sWitching transistors Q3 and Q4 are commonly coupled to 
the second current source IEE2‘. 

The loading circuit 610 generates a third and a fourth 
sWitching voltage VN3 and VN4 at nodes N3 and N4, 
respectively, by changing both the ?rst and the second 
sWitching currents IEE1‘ and IEE2‘ into the voltages, in 
response to the sWitching operation of the second ampli?er 
630. The loading circuit 610 includes a ?rst loading resistor 
RL1 and a second loading resistor RL2. The ?rst loading 
resistor RL1 is coupled betWeen a poWer supply voltage 
source VDD and the node N3, and the second loading 
resistor RL2 is coupled betWeen the poWer supply voltage 
source VDD and the node N4. 

The output driving circuit 640 outputs the ?rst and the 
second output signals OUT and OUTB in response to the 
third and the fourth sWitching voltages VN3 and VN4 from 
the loading circuit 610. The output driving circuit 640 
includes tWo transistors Q5 and Q6 and tWo current source 
IEE3 and IEE4. The transistor Q5 has a base coupled to the 
node N3, a collector coupled to the poWer supply voltage 
source VDD, and an emitter coupled to a node N5. The third 
current source IEE3 and the ?rst output terminal for out 
putting the inverted output signal OUTB of the input buffer 
circuit 650 are connected to the node N5. The transistor Q6 
has a base coupled to the node N4, a collector coupled to the 
poWer supply voltage source VDD, and an emitter coupled 
to a node N6. The fourth current source IEE4 and the second 
output terminal for outputting the output signal OUT of the 
input buffer circuit 650 are connected to the node N6. In the 
input buffer circuit 650, the current sources IEE1‘, IEE2‘, 
IEE3 and IEE4 are commonly couple to a ground voltage 
source GND, so as to sink their respective currents. 

The input buffer circuit 650 included in a prescaler 
ampli?es the oscillating signal from the VCO (referring to 
FIG. 2). The ?rst ampli?er 620 of the input buffer circuit 650 
compares the oscillating signal IN With the inverted oscil 
lating signal INB and generates the ?rst and the second 
sWitching voltages VN1 and VN2 as comparison results. 

For example, it is assumed that only oscillating signal IN 
is applied to the base of the transistor Q2, When the 
transistors Q1, Q2, Q11 and Q12 are operated in an active 
region by the bias voltage sources VBB1 and VBB2. In 
addition, it is assumed that the base of the transistor Q1 is 
electrically grounded through a capacitor (not shown). 
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6 
Before the oscillating signal IN is applied, the ?rst and the 

second sWitching voltages VN1 and VN2 from the node N1 
and N2 are described as folloWs: 

As shoWn in equation (1), the sWitching voltages VN1 and 
VN2 are obtained by subtracting the base-emitter voltages of 
the transistors Q11 and Q12 from the bias voltage VBB2, 
respectively. In that case, it is assumed that respective 
current gains of the transistors Q11 and Q12 are suf?ciently 
great. With these assumptions, the third and the fourth 
sWitching voltages VN3 and VN3 from the node N3 and N4 
are described as folloWs: 

As shoWn in equation (2), the third and the fourth sWitch 
ing voltages VN3 and VN4 are obtained by subtracting the 
voltage corresponding to the load resistors RL1 and RL2 
from the poWer supply voltage source VDD, respectively. 
Then if an oscillating signal IN sWing in loW level is 

inputted to the base of the transistor Q2, the ?rst sWitching 
transistor Q1 is turned on and the second sWitching transis 
tor Q2 is turned off, respectively. In that case, sWitching 
voltages VN1‘ and VN2‘ from the nodes N1 and N2 are 
described as folloWs: 

In the second ampli?er 630, the transistors Q3 and Q4 
perform sWitching operations in response to the ?rst and the 
second sWitching voltages VN1‘ and VN2‘ from the nodes 
N1 and N2, respectively. As shoWn in equation (3), the ?rst 
sWitching voltage VN1‘ has loW voltage level, and the 
second sWitching voltage VN2‘ has high voltage level. Thus, 
the third sWitching transistor Q3 receiving the ?rst sWitching 
voltage VN1‘ is turned off, and the fourth sWitching tran 
sistor Q4 receiving the second sWitching voltage VN2‘ is 
turned on. Therefore, the loading circuit 610 generates 
sWitching voltages VN3‘ and VN4‘ from the nodes N3 and 
N4 in response to the sWitching operation of the second 
ampli?er 630, as described in equation 

As shoWn in equation (4), the loading circuit 610 accord 
ing to the present invention uses the ?rst sWitching current 
IEE1‘ as Well as the second sWitching current IEE2‘ to 
generate the sWitching voltages VN3‘ and VN4‘. The sum 
mation of the ?rst and the second sWitching currents, i.e., 
IEE1‘+IEE2‘, across the second load register RL2 is equal to 
the sWitching current IEE2 of the conventional input buffer 
circuit 65 shoWn in FIG. 3. Thus, the input buffer circuit 650 
can reduce the poWer consumption about tWo times com 
pared With the conventional input buffer circuit 65, since the 
loading circuit 610 reuses the ?rst sWitching current IEE1‘ to 
generate the sWitching voltages VN3‘ and VN4‘, Which Will 
be described in detail beloW. 

The third and the fourth sWitching voltages VN3‘ and 
VN4‘ are applied to the base of the transistors Q5 and Q6 of 
the output driving circuit 640, respectively. The transistors 
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Q5 and Q6 output the switching voltages VN3‘ and VN4‘ 
after lowering them by the base-emitter voltage of the 
transistors Q5 and Q6. As described above, the third sWitch 
ing voltage VN3‘ has high voltage level, and the fourth 
sWitching voltage VN4‘ has loW voltage level, so that the 
output driving circuit 640 outputs the ?rst output signal 
OUTB having high voltage level, and second output signal 
OUT having loW voltage level. 

In contrast, if an oscillating signal IN sWing in high level 
is applied to the base of the transistor Q2 When the nodes N1, 
N2, N3 and N4 have such output voltages VN1, VN2, VN3 
and VN4, respectively, the ?rst sWitching transistor Q1 is 
turned off and the second sWitching transistor Q2 is turned 
on in response to the oscillating signal IN. In that case, the 
?rst ampli?er 620 generates sWitching voltages VN1“ and 
VN2“ as described in equation 

In the second ampli?er 630, the sWitching transistors Q3 
and Q4 perform sWitching operations in response to the 
sWitching voltages VN1“ and VN2“ from the nodes N1 and 
N2, respectively. Thus, the third transistor Q3 is turned on 
and the fourth transistor Q4 is turned off. Therefore, the load 
circuit 610 generates sWitching voltages VN3“ and VN4“ as 
described in equation (6), in response to the sWitching 
operation of the second ampli?er 630. 

The third and the fourth sWitching voltages VN3“ and 
VN4“ are applied to the base of the transistors Q5 and Q6 
of the output driving circuit 640, respectively. The transis 
tors Q5 and Q6 output the sWitching voltages VN3“ and 
VN4“ after loWering them by the base-emitter voltage of the 
transistors Q5 and Q6. As shoWn in equation (6), the third 
sWitching voltage VN3“ has loW voltage level, and the 
fourth sWitching voltage VN4“ has high voltage level, so 
that the output driving circuit 640 outputs the ?rst output 
signal OUTB having loW voltage level, and second output 
signal OUT having high voltage level. 

For performing above described operations, the loading 
circuit 610 reuses the ?rst sWitching current IEE1‘ With the 
second sWitching current IEE2‘ to load the third and the 
fourth sWitching voltages VN3, VN4, VN3‘, VN4‘, VN3“ 
and VN4“ into the output driving circuit 640. Thus, the input 
buffer circuit 650 can reduce the current consumption about 
tWo times compared With the conventional input buffer 
circuit. 

For example, When the load resistors RL1, RL2, RL3 and 
RL4 of the conventional input buffer circuit 65 shoWn in 
FIG. 3, and the load resistors RL1 and RL2 of the input 
buffer circuit 650 according to the present invention are 1 
k9, respectively, assume that the respective sWitching volt 
ages corresponding to the load resistors of the conventional 
input buffer circuit 65 and the input buffer circuit 650 are 
300 mV. In the conventional input buffer circuit 65, the 
currents through the load registers RL1, RL2, RL3 and RL4 
are 150 MA, respectively. Thus, the conventional input buffer 
circuit 65 consumes 600 pA during the sWitching operations 
of the ?rst and the second ampli?er 61 and 62. OtherWise, 
in the input buffer circuit 650, the currents through the load 
registers RL1 and RL2 are 150 MA, respectively. Thus, the 
input buffer circuit 650 according to the present invention 
consumes 300 pA during the sWitching operations of the ?rst 
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and the second ampli?er 620 and 630. Therefore, the input 
buffer circuit 650 according to the present invention can 
reduce the poWer consumption by about half compared With 
the conventional input buffer circuit 65. 

In addition, the resistors RBB3 and RBB4 are used as 
equivalent inductance When the frequency is increased, so 
that the output bandWidth of the output signals OUT and 
OUTB can be enlarged by controlling the resistors RBB3 
and RBB4. This inductance effect realiZed by resistors is 
disclosed generally in “Analysis and Design of Analog 
Integrated Circuits,” by P. R. Gray and R. G. Meyer, 
published in 1992, Wiley, NeW York, pages 424—431. The 
input buffer circuit 650 can output the output signals OUT 
and OUTB having Wide bandWidth by forming a loW 
impedance base-emitter voltage VBE loop, When the tran 
sistors Q11 and Q12 of the ?rst ampli?er 620 and the 
transistors Q3 and Q4 of the second ampli?er 630 can 
neglect voltage drops across the resistors RBB3, RBB4, RE1 
and RE2. 

FIG. 6 is a schematic plot illustrating output characteris 
tics of the input buffer shoWn in FIG. 5. The input buffer 
circuit 650 is simulated by a circuit simulation computer 
program, such as SPICE, With VDD=3V, VBB1=1.5V, 
VBB2=3V, IEE1‘=IEE2‘=100 pA, RL3=RL4=1.75 kQ, and 
RE1=RE2=0.1 kQ. 

Referring to FIG. 6, a passband ?atness of the input buffer 
circuit 650 is superior to that of the conventional input buffer 
circuit 65 shoWn in FIGS. 3 and 4. In addition, the input 
buffer circuit 650 can control the ?atness at a band edge by 
adjusting the resistance of the resistors RBB3 and RBB4. 
Further, the input buffer circuit 650 has the gain above 10 dB 
and suf?ciently Wide bandWidth. 
As described above, the input buffer circuit 650 comprises 

the ?rst ampli?er 620 having loW load impedance and the 
second ampli?er 630 having high load impedance. Thus, the 
output signals OUT and OUTB of the input buffer circuit 
650 have Wide bandWidth, although the input buffer circuit 
650 has tWo stage ampli?ers 620 and 630. In addition, the 
bandWidth can be controlled by the resistors RBB3 and 
RBB4 used as equivalent active inductance of the input 
buffer circuit 650. Further, the loading circuit 610 loads the 
third and the fourth sWitching voltages VN3 and VN4 into 
the output driving circuit 640 by using both sWitching 
currents IEE1‘ and IEE2‘, so that the input buffer circuit 650 
can reduce the poWer consumption to about half of that 
compared With the conventional input buffer circuit 65 
shoWn in FIG. 3. 

While this invention has been particularly shoWn and 
described With references to preferred embodiments thereof, 
it Will be understood by those skilled in the art that various 
changes in form and details may be made therein Without 
departing from the spirit and scope of the invention as 
de?ned by the folloWing claims. 
What is claimed is: 
1. An input buffer circuit of a prescaler for pre-dividing an 

oscillating signal having a radio band frequency in a fre 
quency divider of a radio frequency phase-locked loop (RF 
PLL), the input buffer circuit comprising: sWitching circuit 
receiving a ?rst sWitching current from a poWer supply 
voltage source, sWitching the ?rst sWitching current in 
response to the oscillating signal, and generating ?rst and 
second sWitching signals by converting the ?rst sWitching 
current into ?rst and second sWitching voltages; 

second sWitching means for receiving a second sWitching 
current from the poWer supply voltage source and 
sWitching the second sWitching current, in response to 
the ?rst and the second sWitching signals; 
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loading means coupled to the second switching means for 
generating third and fourth switching signals by con 
verting both the ?rst and second sWitching currents into 
third and fourth sWitching voltages; and 

output driving means for outputting ?rst and second 
output signals in response to the third and fourth 
sWitching signals, respectively. 

2. The input buffer circuit of claim 1, Wherein: 
the loading section of the ?rst sWitching rneans provides 

the ?rst and second sWitching signals to the second 
sWitching means by converting the ?rst sWitching cur 
rent into the ?rst and the second sWitching voltages in 
response to the sWitching operation of the sWitching 
circuit of the ?rst sWitching means; and 

the cascode transistors are in cascode With the loading 
section to supply the ?rst sWitching current for the 
sWitching circuit through the loading section Without 
loss. 

3. The input buffer circuit of claim 2, Wherein the sWitch 
ing circuit comprises: 

a ?rst sWitching transistor, having a control electrode to 
receive an inverted oscillating signal and a bias current, 
and a current path, for sWitching the ?rst sWitching 
current in response to the inverted oscillating signal; 

a second sWitching transistor, having a control electrode 
to receive the oscillating signal and a bias current, and 
a current path, for sWitching the ?rst sWitching current 
in response to the oscillating signal, Wherein the oscil 
lating signal is a non-inverted oscillating signal; 

a ?rst resistor for delivering the bias current from a ?rst 
bias voltage source into the control electrode of the ?rst 
sWitching transistor; 

a second resistor for delivering the bias current from the 
?rst bias voltage source into the control electrode of the 
second sWitching transistor; and 

a current sinker coupled betWeen the current paths of the 
?rst and second sWitching transistors and a ground 
voltage source, for sinking the ?rst sWitching current in 
response to the sWitching operation of the ?rst and 
second sWitching transistors. 

4. The input buffer circuit of claim 3, Wherein the cascode 
circuit comprises: 

a ?rst cascode transistor, having a control electrode to 
receive a bias current and a current path coupled to the 
loading section, for supplying the ?rst sWitching cur 
rent for the loading section Without loss; 

a second cascode transistor, having a control electrode to 
receive a bias current and a current path coupled to the 
loading section, for supplying the ?rst sWitching cur 
rent for the loading section Without loss; 

a third resistor for delivering the bias current from a 
second bias voltage source into the control electrode of 
the ?rst cascode transistor; and 

a fourth resistor for delivering the bias current from the 
second bias voltage source into the control electrode of 
the second cascode transistor. 

5. The input buffer circuit of claim 4, Wherein the third 
and the fourth resistors are Worked as an equivalent induc 
tance When the frequency of the oscillating signal is high, so 
that the output bandWidth of the input buffer circuit can be 
controlled by the resistors. 

6. The input buffer circuit of claim 4, Wherein the loading 
section comprises: 

a ?fth resistor, coupled betWeen the current path of the 
?rst cascode transistor and the current path of the ?rst 
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sWitching transistor, for delivering the ?rst sWitching 
current from the ?rst cascode transistor to the ?rst 
sWitching transistor and generating the ?rst sWitching 
signal in response to the sWitching operation of the ?rst 
sWitching transistor; and 

a siXth resistor, coupled betWeen the current path of the 
second cascode transistor and the current path of the 
second sWitching transistor, for delivering the ?rst 
sWitching current from the second cascode transistor to 
the second sWitching transistor and generating the 
second sWitching signal in response to the sWitching 
operation of the second sWitching transistor. 

7. The input buffer circuit of claim 3, Wherein the second 
sWitching means comprises: 

a third sWitching transistor, having a control electrode to 
receive the ?rst sWitching signal from the ?rst sWitch 
ing means and a current path, for sWitching the second 
sWitching current in response to the ?rst sWitching 
signal; 

a fourth sWitching transistor, having a control electrode to 
receive the second sWitching signal from the ?rst 
sWitching means and a current path, for sWitching the 
second sWitching current in response to the second 
sWitching signal; and 

a current sinker coupled betWeen the current paths of the 
third and fourth sWitching transistors and the ground 
voltage source, for sinking the second sWitching cur 
rent in response to the sWitching operation of the third 
and fourth sWitching transistors. 

8. The input buffer circuit of claim 7, Wherein the loading 
means comprises: 

a ?rst loading resistor coupled betWeen the poWer supply 
voltage source and the current paths of the second 
cascode transistor and the third sWitching transistor, for 
generating the third sWitching signal by converting 
both the ?rst and the second sWitching currents into the 
third sWitching voltage in response to the sWitching 
operation of the second sWitching means; and 

a second loading resistor coupled betWeen the poWer 
supply voltage source and the current paths of the ?rst 
cascode transistor and the fourth sWitching transistor, 
for generating the fourth sWitching signal by converting 
both the ?rst and the second sWitching currents into the 
fourth sWitching voltage in response to the sWitching 
operation of the second sWitching means. 

9. The input buffer circuit of claim 3, Wherein the output 
driving means comprises: 

a ?rst output transistor having a control electrode to 
receive the third sWitching signal, and a current path 
coupled betWeen the poWer supply voltage source and 
a ?rst output terminal, Wherein the ?rst output terminal 
outputs the ?rst output signal of the input buffer circuit 
in response to the third sWitching signal; 

a second output transistor having a control electrode to 
receive the fourth sWitching signal, and a current path 
coupled betWeen the poWer supply voltage source and 
a second output terminal, Wherein the second output 
terminal outputs the second output signal of the input 
buffer circuit in response to the fourth sWitching signal; 

a third current sinker coupled betWeen the ?rst output 
electrode and the ground voltage source, for sinking a 
current from the current path of the ?rst output tran 
sistor; and 

a fourth current sinker coupled betWeen the second output 
electrode and the ground voltage source, for sinking a 
current from the current path of the second output 
transistor. 
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10. The input buffer circuit of claim 1, wherein the ?rst 
switching means, second sWitching means, and output driv 
ing means comprise a plurality of bipolar junction transistors 
(BJTs). 

11. An input buffer circuit of a prescaler for pre-dividing 
an oscillating signal having a radio band frequency in a 
frequency divider of a radio frequency phase-locked loop 
(RF PLL), the input buffer circuit comprising: 

?rst sWitching means including a loading circuit and 
cascode transistors in cascode With the loading circuit, 
for receiving a ?rst sWitching current from a poWer 
supply voltage source, sWitching the ?rst sWitching 
current in response to the oscillating signal, and gen 
erating a ?rst and a second sWitching signal by con 
verting the ?rst sWitching current into a ?rst and a 
second sWitching voltage; 

second sWitching means for receiving a second sWitching 
current from the poWer supply voltage source and 
sWitching the second sWitching current, in response to 
the ?rst and the second sWitching signal; 

loading means coupled to the second sWitching means for 
generating a third and a fourth sWitching signal by 
converting both the ?rst and the second sWitching 
currents into a third and a fourth sWitching voltage; and 

output driving means for outputting a ?rst and a second 
output signal in response to the third and the fourth 
sWitching signal, respectively, Wherein: 

the ?rst sWitching means comprises a sWitching circuit for 
selectively sWitching the ?rst sWitching current in 
response to the oscillating signal; 

the loading circuit generates the ?rst and the second 
sWitching signal into the second sWitching means by 
converting the ?rst sWitching current into the ?rst and 
the second sWitching voltage, respectively, in response 
to the sWitching operation of the sWitching circuit; and 

the cascode transistors are in a cascode circuit in cascode 
With the loading circuit for supplying the ?rst sWitching 
current for the sWitching circuit through the loading 
circuit Without loss, the sWitching circuit comprising: 
a ?rst sWitching transistor, having a control electrode to 

receive an inverted oscillating signal and a bias 
current, and a current path, for sWitching the ?rst 
sWitching current in response to the inverted oscil 
lating signal; 

a second sWitching transistor, having a control elec 
trode to receive the oscillating signal and a bias 
current, and a current path, for sWitching the ?rst 
sWitching current in response to the oscillating 
signal, Wherein the oscillating signal is a non 
inverted oscillating signal; 

a ?rst resistor for delivering the bias current from a ?rst 
bias voltage source into the control electrode of the 
?rst sWitching transistor; 

a second resistor for delivering the bias current from 
the ?rst bias voltage source into the control electrode 
of the second sWitching transistor; and 

a current sinker coupled betWeen the current paths of 
the ?rst and second sWitching transistors and a 
ground voltage source, for sinking the ?rst sWitching 
current in response to the sWitching operation of the 
?rst and second sWitching transistors. 

12. The input buffer circuit of claim 11, Wherein the 
cascode circuit comprises: 

a ?rst cascode transistor, having a control electrode to 
receive a bias current and a current path coupled to the 
loading circuit, for supplying the ?rst sWitching current 
for the loading circuit Without loss; 
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12 
a second cascode transistor, having a control electrode to 

receive a bias current and a current path coupled to the 
loading circuit, for supplying the ?rst sWitching current 
for the loading circuit Without loss; 

a third resistor for delivering the bias current from a 
second bias voltage source into the control electrode of 
the ?rst cascode transistor; and 

a fourth resistor for delivering the bias current from the 
second bias voltage source into the control electrode of 
the second cascode transistor. 

13. The input buffer circuit of claim 12, Wherein the third 
and the fourth resistors are Worked as an equivalent induc 
tance When the frequency of the oscillating signal is high, so 
that the output bandWidth of the input buffer circuit can be 
controlled by the resistors. 

14. The input buffer circuit of claim 12, Wherein the 
loading circuit comprises: 

a ?fth resistor, coupled betWeen the current path of the 
?rst cascode transistor and the current path of the ?rst 
sWitching transistor, for delivering the ?rst sWitching 
current from the ?rst cascode transistor to the ?rst 
sWitching transistor and generating the ?rst sWitching 
signal in response to the sWitching operation of the ?rst 
sWitching transistor; and 

a siXth resistor, coupled betWeen the current path of the 
second cascode transistor and the current path of the 
second sWitching transistor, for delivering the ?rst 
sWitching current from the second cascode transistor to 
the second sWitching transistor and generating the 
second sWitching signal in response to the sWitching 
operation of the second sWitching transistor. 

15. The input buffer circuit of claim 11, Wherein the 
second sWitching means comprises: 

a third sWitching transistor, having a control electrode to 
receive the ?rst sWitching signal from the ?rst sWitch 
ing means and a current path, for sWitching the second 
sWitching current in response to the ?rst sWitching 
signal; 

a fourth sWitching transistor, having a control electrode to 
receive the second sWitching signal from the ?rst 
sWitching means and a current path, for sWitching the 
second sWitching current in response to the second 
sWitching signal; and 

a current sinker coupled betWeen the current paths of the 
third and fourth sWitching transistors and the ground 
voltage source, for sinking the second sWitching cur 
rent in response to the sWitching operation of the third 
and fourth sWitching transistors. 

16. The input buffer circuit of claim 15, Wherein the 
loading means comprises: 

a ?rst loading resistor coupled betWeen the poWer supply 
voltage source and the current paths of the second 
cascode transistor and the third sWitching transistor, for 
generating the third sWitching signal by converting 
both the ?rst and the second sWitching currents into the 
third sWitching voltage in response to the sWitching 
operation of the second sWitching means; and 

a second loading resistor coupled betWeen the poWer 
supply voltage source and the current paths of the ?rst 
cascode transistor and the fourth sWitching transistor, 
for generating the fourth sWitching signal by converting 
both the ?rst and the second sWitching currents into the 
fourth sWitching voltage in response to the sWitching 
operation of the second sWitching means. 
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17. The input buffer circuit of claim 11, wherein the 
output driving means comprises: 

a ?rst output transistor having a control electrode to 
receive the third sWitching signal, and a current path 
coupled betWeen the poWer supply voltage source and 
a ?rst output terminal, Wherein the ?rst output terminal 
outputs the ?rst output signal of the input buffer circuit 
in response to the third sWitching signal; 

a second output transistor having a control electrode to 
receive the fourth sWitching signal, and a current path 
coupled betWeen the poWer supply voltage source and 
a second output terminal, Wherein the second output 
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terminal outputs the second output signal of the input 
buffer circuit in response to the fourth sWitching signal; 

a third current sinker coupled betWeen the ?rst output 
electrode and the ground voltage source, for sinking a 
current from the current path of the ?rst output tran 
sistor; and 

a fourth current sinker coupled betWeen the second output 
electrode and the ground voltage source, for sinking a 
current from the current path of the second output 
transistor. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,392,452 B2 Page 1 of 1 
DATED : May 21, 2002 
INVENTOR(S) : Sang-Oh Lee 

It is certified that error appears in the above-identi?ed patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 8 
Line 58, after “switching circuit receiving”, please insert -- first switching means 
including a switching circuit, a loading section and a cascode circuit including cascode 
transistors in cascode with the loading section, the loading section being connected 
between the switching circuit and the cascode circuit, the 

Signed and Sealed this 

Nineteenth Day of April, 2005 

m Watt,” 

JON W. DUDAS 
Director ofthe United States Patent and Trademark O?‘ice 


